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Abstract 
Jncreasing exposure of power systems to extensive blackouts is a consequence of heavier 
system loading and recent, almost revolutionary changes in electric power industry 
operational structure. The impact of prolonged blackouts, on the public, on the economy, and 
on the power system itself makes rapid effective restoration very important. It is often 
difficult to restore an electric power system that has experienced a large-scale power failure. 
To minimize the consequences of service interruption, proper measures must be taken to re- 
energize the electric system safely and rapidly. Energizing previously disconnected lines 
begins the process of restoration. In reintegration phase of restoration, it is desirable to 
energize as large a section of high-voltage transmission as switching transient voltages would 
allow. Energizing small sections tends to prolong the restoration process. In the process of 
restoration switching transient overvoltages occur which may be detrimental and may lead to 
unsuccessful operation of line energization. The magnitude and shape of the switching 
overvoltages vary with the system parameters and network configuration and the point-on- 
wave where the switching operation takes place. At this stage the operator should follow the 
switching sequence, which is safe and lead to successful energization. 
During power system restoration there is a need for real time tool, which can provide crucial 
values of peak overvoltages, generated during energization of transmission line. 
Electromagnetic transient program (EMTP) is a design tool used for planning studies. EMTP 
simulations are extensively carried out during planning studies for the purpose of various 
transient analyses. Studies during planning aims at designing proper protective equipment for 
containing the overvoltages to specified limits as per the utility practice. However during 
day-today operation such studies, by the operators are prohibitive due to actual detail data 
required and also large computational time involved. 
Artificial Neural Networks (ANNs) based methods are presented in this thesis for estimation 
of peak overvoltages generated by line energization switching transients during restoration 
process. In proposed methodology Levenberg-Marquardt method is used to the 
multilayer perceptron. The developed ANN is trained with the extensive simulated results, 
and tested for typical cases. In the proposed ANN we have considered the most important 
aspects, which influence the transient overvoltages such as line length, switching angle, 
source strength and receiving end reactor. This information will help the operator to select 
the proper sequence of transmission lines to be energized safely with transients appearing 
safe well within the limits. The simulated results presented clearly show that the proposed 
technique can estimate the peak values of switching overvoltages with good accuracy. A tool 
such as proposed in this work that can give the maximum switching overvoltage will be 
helpful for the operator in taking proper decision. The pattern classification technique is also 
adopted to classify the switching overvoltages generated during line energization in two 
classes as safe and unsafe. Tbis method applies a learning-based nonlinear classifier, the 
support vector machine (SVM). 
Pre-insertion resistance (PJR) is one of the methods to limit switching overvoltages and has 
been used for many years. Though detailed electromagnetic transient studies carried out to 
reach the suitable value of PIR, it can vary according to system conditions. An Artificial 
Neural Network (ANN) based approach to estimate the optimum value of PIR and the peak 
overvoltage generated by switching transients during line energization while the optimum 
value of PIR is used during circuit breaker closing operation is also presented. 
